Introduction

47
Proteases are involved in various physiological and biochemical processes such as signal 48 transduction, digestion, development, and defense reactions (Neurath and Walsh, 1976; Barrett et 49 al., 1998; Neurath, 1999) . In plant-feeding insects, proteases are involved in plant -insect 50 interactions and participate in the arms race between hosts and herbivores (Bown et al., 1997; 51 Pechan et al., 2002; Jongsma and Beekwilder, 2011) . In herbivorous insects, proteases produced 52 in salivary glands can be injected into host plants for pre-oral digestion and for removing toxic 53 proteins produced by plants for defense (Miles, 1999; Eberhard et al., 2007) . In the gut of most 54 insects, the main role of proteases is to digest proteins ingested from host plants (Shukle et al., 55 1985; Lopes et al., 2006; Wright et al., 2006; Sato et al., 2008) . During the long course of co-56 evolution, plants have developed defense mechanisms that suppress protease activities in the 57 insect digestive system. Specifically, plants enhance the production of various protease 58 inhibitors that reduce activities of insect digestive proteases in response to herbivory (Moura and 59 Ryan, 2001; Habib and Fazili, 2007; Chen, 2008) . Accordingly, these plant inhibitors could be 60 targets for genetic engineering to increase plant resistance to herbivorous pests (Burgess et al., 61 1994; Murdock et al., 1988; Lawrence and Koundal, 2002) . However, insects have also 62 developed counter-defense mechanisms including up-regulation of constitutively expressed 63 digestive proteases, induction of proteases that are normally not expressed, and/or by 64 synthesizing inhibitor-insensitive proteases in response to plant defense (Jongsma et al., 1995;  Hessian fly larvae used in this research were derived from a field collection from Scott queries (Matsumoto et al., 1995; Ross et al., 2003) . From the resulting list of similar sequences, 104 every 15th sequence was retrieved for another round of blasting. All the amino acid sequences 105 encoded by predicted genes with significant sequence similarity (E-value < 0.01) from each of 106 queries were retrieved. Repeated blasting was carried out until no new hit with E-value < 0.01 107 could be found. Introns were identified by comparing genomic sequence with a corresponding 108 cDNA sequence or a putative transcript predicted by MAKER2 (Holt and Yandell, 2011) . If no 109 cDNA sequence or transcript was available for a particular gene, the intron/exon boundary was 110 determined manually by a Blastx alignment between the Hessian fly gene sequence and the 111 query protein sequence. Sequences were discarded if they could not be annotated. The identity 112 of the annotatable sequences was further confirmed using MotifScan (Yusim et al., 2004) and 113 ScanProsite tool (Gattiker et al., 2002) to reveal their characteristic sequence patterns and 114 putative enzyme active sites. 
RNA isolation and PCR analyses
116
Total RNA was extracted from either whole flies or specific fly tissues using RNeasy
117
Micro Kit according to the procedure provided by the manufacturer (QIAGEN, Maryland, USA).
118
Whole body samples were extracted from larvae of 1, 3, 6, and 12 days old, respectively, pupae 119 and adults. Tissue-specific samples were extracted from dissected guts, fat bodies, salivary 120 glands, Malpighian tubules, and the remaining carcass. These tissues were obtained from 3-day-121 old larvae (first instar).
122
Primers were designed using the Beacon Designer 7.0 software (Biosoft, Palo Alto, CA).
123
Primer sequences were listed in Table S1 . RNA samples were treated with RNase-free DNase-I 124 (Promega, Madison, WI) to remove potential DNA contamination. The RNA was then reverse-125 transcribed into cDNA using (oligo-dT) 20 primers with the SuperScript® III First-Strand
126
Synthesis System (Invitrogen, Carlsbad, CA, USA).
127
For semi-quantitative PCR, amplification was carried out for 25 to 40 cycles, depending 128 on the intensity of PCR products, as follows: 60 s at 94ºC; 60 s at 55ºC; 120 s at 72ºC. DNA 129 fragments from the PCR reactions were separated on 1.5 to 2% agarose gels depending on the 130 size of the product and stained with (0.5 μg/mL) ethidium bromide. Actin was used as a control products were analyzed on 1.5% agarose gels, and subsequently purified and sequenced to 143 confirm faithful amplification. Actin was selected as a reference for normalization of template 144 concentration. Three independent biological replicates were carried out for each treatment.
145
Statistical significance for the log-transformed arbitrary expression values was analyzed 146 by ANOVA using the PROCMIXED procedure of SAS (SAS institute Inc., SAS/STAT User's 147 Guide, Version 9.13). Tukey's pairwise comparisons based on Student's range statistics were 148 then conducted. Tukey's 95% simultaneous confidence intervals for pair-wise comparisons were 149 used to separate data into groups with significant differences. 
153
Signal peptide cleavage sites were predicted using SignalP 4.1 Server (Petersen et al., 2011) .
154
Multiple alignments of gene data matrices and protein sequences were generated using similarity 155 calculated with ClustalW (Larkin et al., 2007) and BioEdit (Ver. 5.09; Hall, 1999 (Kwon et al., 2000) , and 16 truncated proteins that could not be classified ( Figure S1 ).
172
Among the 11 cysteine protease-like proteins, seven of them possess all functionally critical 173 residues (see below) and therefore were taken as putative cysteine proteases, whereas the other 174 four are homologs that do not have all the functionally important residues conserved ( Figure S1 ).
175
Phylogenetic analysis of Hessian fly serine proteases along with known serine protease 176 sequences from Drosophila melanogaster revealed five major groups ( Figure 1A ). All putative
177
Hessian fly chymotrypsins are clustered within groups 1 and 2. Thirteen putative Hessian fly 178 trypsins are in group 1, while the remaining 18 trypsins are scattered into the other four groups.
179
The putative Hessian fly cysteine-proteases were analyzed along with known cysteine proteases 180 from other insects ( Figure 1B ). Hessian fly cysteine proteases are clustered with Drosophila 181 cysteine proteases except MDP95, MDP96, and MDP97, which either form an independent 182 group or clustered together with cysteine proteases from other insects.
183
Other characteristics of the putative trypsins, chymotrypsins, and cysteine proteases are 184 given in Table 1 
Putative trypsin genes
192
By using blast similarity search of GenBank and MotifScan and ScanProsite tools, Figure 2B ) (Hedstrom et al., 1992; Wang et al., 207 1993) . Trypsins cleave the protein chain on the carboxyl side of arginine or lysine, whereas 208 chymotrypsin cleaves on the carboxyl side of aromatic amino acids (Terra and Ferreira, 1994) .
209
An alignment of the 18 putative chymotrypsins is given in Figure 2B (Table S3 ). The two most diversified proteins, 218 share only 18.3% identity. The majority of the proteins share 22-32% sequence identity. additional active site residues, histidine and asparagines (Dufour, 1988 ). An alignment among 226 the seven putative cysteine-proteases is given in Figure 2C . The alignment at the N-terminal more genes exhibited higher transcript levels in 3-to 12-day old larvae and fewer genes 240 exhibited higher transcript levels in adults and 1-day old larvae. 
). These protease genes were expressed abundantly at least in 3-day old larvae feeding in 281 susceptible plants, but were essentially undetectable in larvae feeding in resistant plants. 
322
Our data suggested that two cysteine protease genes, MDP95 and MDP104, may also 323 play a role in digestion under certain conditions. The expression of these two genes was affected 324 by host genotypes. Specifically, they were upregulated in larvae feeding in resistant plants. In 130  140  150  160  170  180  190  200  210  220  230  240  250 260  270  280  290  300  310  320  330  340  350  360 370
----MF I K I CF L L A S I L I A S GDV S --L L T ---P K P -RL DGRI V GGV E I DI R--DA P W QV -----T MQT MG-E ----HL -----CGGS I I S -----K K W I L T A A HCT T T S L ----------V K S DP MDP3 --ML KF F EL I L L T SL VAL ASAYPYGVQL ---L NQT ----NRI VGGVEVPI E--DVPW QI -----SL QSYS-S----HV-----CGGSI I S-----ENW VMSAAHCVS--------------GSAP MDP9 MSEKF I L KI I L MVL F I I I YVSDAKN-VSN---VI PSRL EGRI VGGI DAKI E--QNPW L V-----SL QDVS------HI -----CGAT I I S-----KI W I L T AAHCVDG------------MYSGR MDP10 ------MK I QL K F GL I F W F A HF V N--A A D---L DP --I V G-I I GGE S I DI E --QA P W QA Y I E Y F T K QT Y GS R----CMGP V E S CGGS I I H-----E K W V L T A A HCT H--------------I K DV MDP12 --------------------------------MEP--I VG-I VGGRSI NI E--QVPW QAYI EYF T KQPYGSQ----YMQPSGSCGGSI I S-----EKW VMSAAHCT P--------------T NDL MDP13 -----MRT VSL F MVF L L L DAF VHF RF AL S--SNES-----RI VGGKPT T I D--RF PW HL -----SL RI KD-E----HR-----CSASL I T -----SDRAL SVAHCL RS-------------DDNL MDP23 -----MST ---F F VF I VI SA-I YYGAQCN--F I QP-----L I VGGVPGNI D--RF KW QA-----AL L YNS-K----YI -----CGASI I S-----PT KL L T AAHCT YN-------------L KNV MDP24 ------T EKPI QL DPPET CEQCT CGI AN---------KQKRI VGGHET EI N--QYPW MA-----ML T YGNR------F ----YCGAT L I N-----DRYVL T AAHC---------------VSGF N MDP25 -----------------------------------------MVG---------------------L F RGNR------L ----YCGGAI VS-----DKHVL T AAHC---------------VHPF K MDP26 -----HS RA P I HDT P A S P CS -CS CGV RN---------DA S RI V GGDA A GV N--E F P W MA -----RL S Y F NR------F ----Y CGA A L V N-----DRY V I T A A HC---------------V K GF M MDP27 -----QCEK-I KD----------CGQAN---------QEVRI VGGKPT GI N---VSL I C-----RL YDGN-------F ----HCGASL VS-----KDYVL T AAHC---------------VRRL K MDP28 --------PSL SDHSG---N--HCGVKNG---ND---DQERI VGGQNAQPN--EF PW I A-----VL F NSGR------Q----F CGGSL I ------------AAHC---------------VAHMS MDP29 ------L DQPKRYT L S-AAKSADCGL SVI ---GRP---ET RI VGGKNAPF G--RW PW QV-----SVRRT SF F G----F SST HRCGGAI I N-----EQW I AT AGHC---------------VDDL L MDP30 ---------------------------------RF ---DW W I -----ASF G--RW PW QI -----SL KQW QT SS----F --VHKCGAAL L N-----ENW AI T AAHC---------------I ENVY MDP33 --------K E V HL F L K -A V E F V K CGV RP H---V K ----S GRI V GGK GA T F G--A W P W QV -----L V RE S T W L G----L F T K NK CGGV L I T -----T E Y V MT A A HCQP GL E F S I K ML L F NI I NK F F MDP34 ------T DL PNKDYGP-VT NDPSCGI SL A---KQA--AQRRI VGGDDAGF G--SF PW QA-----YI RI GSSRS----L --L SRCGGSL I S-----RRHVVT AGHC---------------VARAT MDP35 --------------------------I S---------QKNNNVS-L NDVPGL MT YPHMA-----L L GYDSF KEPG-GI --DW ACGGSL I S-----NKF VL T ASHCL ---------------NT QA MDP48 -----------------------------------------I L NGVPT SPG--EF PW MA-----AI GYESSERPG-EY--DYNCGGT I I S-----ERYI L T AAHCN----------------SAR MDP51 ----------------------------------------F VVGGENAI PN--EF PHMA-----L I GI EST NT -D-KI --T W GCGGSL I S-----EDF VL T AAHCVEL -------------SRYQ MDP57 -----------L NPENRPVQKSKCRKAS---------SEGF I VGGT KT EPG--EF AHMA-----AI GW QQDVE-G-PI --EW NCGGSL I S-----YRYVL SAAHCA---------------SRHS MDP58 ---------------SDL PQPGQCGI Q----------L PDRI VGGKET EI F --AF PW MV-----L I EYT KT NG-K-G----F HCGGVL I N-----KNYVL T AAHCVSGKD----------L L AL R MDP59 ----------------VL PGVGT CGL T G---------L ANRI F GGEST QL D--EYPW MA-----I L EYQPRNR-R-ER--KL SCGGSL I N-----T RYVL T AAHCL VG-E----------I ET RV MDP61 ------------MQGRL L T SEEGCGYSAN--------ST F RI VGGKAT KI A--AYPW MA-----L L GYENNL G---EK--SW KCGGSL I T -----SKHVL T AAHCV------------------I MDP71 --------SNL I DG-K------QCGQQEI ---S-----T GRVVGGT EAESG--EW PW L A-----AI F L HGDKR----V--EF W CGGSL I G-----SKYI L T AAHCT R--D--------SRQRPF A MDP72 --------------RVKI ADADDSSERI G---------QF RVI SGSKT KRG--HHPW QA-----T I RARSRNG---RS--SHW CGAVI VS-----KNF I L T AAHC---------------L I GF P MDP74 --------------------MPVNGREK---------VDPRI VGGT KAKKG--QF RGI V-----SI QL L DRGRF Y-HF -----CGGT L YENSENKKNF I L T AGHC---------------I T EDV MDP77 -------------------------W QT ----------QT KI VGGT YSQPN--AHPSMV-----VL L DRNNN---------L L GAGT I I D-----SNAI L T AAHVI SN------------GNGGV MDP78 --------MDF RT F AI I L I N--L F GAVK----------CT PI VGGERVPDDDVT F SF AV-----SL QYKQF NDST GKYW HKHF CGGVL I QVYMG-MAL VVT ASHCI T P-------------T MKI MDP79 ----MF F NL CL L L SGVL I ASG--A--VL N---QKT ST L DGRI VGGF EI DI K--DVPW QV-----SL QT NG-S----HF -----CGGSI I S-----SKW I L T AAHCPF L N-----------VDSDP MDP5 ----MF GKL YL L GL L VL VGAF YVAGNAL NGYL PKP-RYDGRI VGGF EMDI K--DAPYQI -----SMRVRG-S----HF -----CGGSI I S-----KNW I L T AAHCT AA------------I GNVA MDP4 ----MF F QT F L F L SSI L I ASGDVS--I L E---PKP-QF DGRI VGGF EI DI T --T VPW QV-----SL QST NRR----HF -----CGGSI I N-----KKW I L T AAHCVSSEL ----------VKSDP MDP90
ER--------VL I KSGT SL -----------HRDG-T KSKVKRI I NHPKW D---AT T VDYDF SL L EL ET EL EL DET -RKVI KL AN----NRYRYRDGT MCL VT GW G-D--T H---------KSNES MDP3 S M--------I S L R I GS E E -----------Y A K GGK MV K V K RI V V H E D Y N ---P RT I D F D Y S L L E L S E S L T F S DK -I QP I E L P T ----I D E V V P D GS NC L I S GW G-N --T L ---------S S NE S MDP9 S ---------L S I R A GS T F -----------Y Y E GGT K V N V K K V I I H DN Y D ---S E MNN Y D F A L L QL N E P L V L N NT S MK A A I I P D ----K N E R L RD RV K C QT S GW GI N --D V ---------NS I K L MDP10 I E --------A N V R V GS A Y -----------S DK GGK I Y QV GRI I NH GR S S ---D DH F D F D F A L L E L T QA I K F D Y R T I K P I A L P K ----A Y DF I S P RK MC F V S GW GA R W P S NH F N K F P Y NR A S P Y S MDP12 T K --------A T V RV GS S Y -----------CNRGGK I Y DV S QI I NHA RY K Y --A A HS DF DF A L L E L K K A I T F DY QT I K P I P L A G----V Y DS V P E NT MCF V S GW GS R--S D---------S S S Y S MDP13 MD--------F T I MA GS T T R H---------P DA S S S
I V GV QK F L QH P K F D ---N V T L E ND I A V L WL S Y K L T L GT K -I N L I K L P E ----S N A N A DE I T T V L I S GW G-Y --T R---------E A DP N MDP23 L L --------L QARVGSAN-----------PL RGGI I I AMAYML EHPKF N---KDNL NNDVAVL I L RKKL QL SST -I GL I EL AN----GNAI L PAGT MMT I SGF G-S--I K---------DGSEK MDP24 K D-------RI GV V L L E HNRQT L -N------E S DL V K RK V QRI V RHA G---Y S P T NF NNDI A L L RI DK E V K F T S R-L K P V CL P T ----RGK S F S H-L DGI A T GW G-A --L K E ---------QGDI MDP25 K S -------E I K V Y L GGHNI S T ---------DF -I DT RRV RRI HE HE N---F DP V S F DF DI A L L E L DK A V L F GA K -I QP A CL P DE ---QF K DY S G-NV A MI A GW G-R--L GE ---------QE QT MDP26 W F -------MI K V T F GE HDRCD--D------K T RP E T RF V L RA I S QP ----F S F S NF DNDI A L L RL NDRV P I T DF -I RP I CL P S F ---K S QT Y V G-T K A I A T GW G-T --L K E ---------DGK P MDP27 RS -------K I RI I L GDHDQT T I -K ------DA E A K MRA V S A I I RHRS ---F DS NT Y NHDI A L L K L RK P I QF T K N-I MP V CL P A ----DNA DP S G-K T GI A V GW G-R--V S E ---------GGA L MDP28 S S D----V S RL T V HL GDHNI K T K -N------E V P HI E K RV K RV V RHRS ---F DGRT L Y NDV A L L T L DS P V QY T RA -V RP I CL P N----S S E QF GG-RNGI V I GW G-S --L RE ---------NGP Q MDP29 T -------S QI RI RV GE Y DF S HA QE ------E F P Y V E RA V T RK V V HP --K -Y NF F T Y E HDL A L V QL E QP L E F A P H-I A P I CL P A ----T E DL L I G-QNA T V T GW G-R--L S E ---------GGT L MDP30 P -------A
DL L L RL GE F DL A I DE E ------P I S Y QDRRV QL V I S HP --Q-F DS I T F K Y DL A L MRL HE P V V F RP N-I MP I CL P E ----T DDNF I G-S K
A F V T GW G-K --L Y E ---------DGP L MDP33 S GI F Y S F L A T L V A V F GE F DI S GDL E ------K K RS V T K NI E RI V V HR--E -Y DA A T F E NDL A L L K T E S P I HY DT H-I V P I CMP A ----DNA DF T G-RMA T V T GW G-R--L K Y ---------A GGV MDP34 P -------RQV HV T L GDY V I NS A V E ------P L P A Y T F GV RK I DV HP Y F K -F T P QA DRF DV S V L T L E RP V HL MP H-I A P I CL P E ----K NE DF L G-K F GW A A GW G-A --L NP ---------GS RL MDP35 GP -------V K Y V L L GE L DS S T NDD------L A S P ML F T V A E RI S HP K Y S --K RK A K -NDI A L L V L NQT V I F DA F -MS P A CL H---DS Y DV D-A --S K A I A T GW G----E N----------V NHT MDP48 A T -------A K T V
RMGRI T L F T NDD------E NE P L DL NI E T F I K HP K Y ---S S F T K V NDI A L I RV E E P I K F T E F -I RP A CL RT --DT T DV S P N--V E L I I T GW G-T --T S A ---
------L K T Q MDP51 GV -------A K Y V L L GE HDL S -NDR------NDRP L RV DI A E K I P HP QF ---K RA A K Y Y DI A L V RL A
T RI E I NHL -I RP A CL P ---E GY E T N-T --K T A I A T GW G-R--T D----------F RGP MDP57 MK -------P K F I RL GDQNL K RT DD------GA QI QE F T I A QV I RHP NY ---K QP S K Y DDI A L F K L DRDV I I T DF -V HP A CL W ---QT F NV N-Y --T T A I A T GW G-L --T R----------DRGQ MDP58 W T -------L S GV RL GE W DL S K T RDCQE DY CA DP V V DI P V V E RI S HE QY V -S GS K A QE NDI A L L RL E RS V QF T DT -V RP I CL P V S QNNRNF NY DG-HP MI V A GW G-K --T E -----------NK S MDP59 GI -------L V GV RL GE Y DI T ME V DCL GNT CA DP V K Y F GI E K K I P HE GY N-GRDK NRL NDI GL I RL NGDV A Y T DY -I RP V CL P W I V NS P RI
A P N--E E L F S A GW G-R--T V -----------T S R MDP61 S T -------L S L A RL GE HDI S S L T E -------T E V QDI K I I RS V K HP E Y ---DRRDGT GDI A V L Y L E HDA QL S L R-I NP V CI P F NE P V RS K NF V R-S RP F I S GW G-R--L L E ----------GGK MDP71 A R-------QF T V RL GDI DL S T DRE ------P S A P V T F K V T E V RA HP R---F S RV GF Y NDI A V L V L DRP V RK S K Y -V I P V CL P A P --S V I P S K E R-L A A S V V GW G-T --T Y Y ---------GGK E MDP72 K G-------A Y F V
RL GDHHS E I Y E N--------S E I E I F I E NW S I HE DF R--K GQL MNNDI A L I QL K QP I QF T NY -I QP I CL P T ----K E T K F E A GK NCT I S GW G-S --I QY ---------GK S T MDP74 K P --------K T I R I V GD DL NN S D K S ----T DR K R QI RK V K S I I V H P N Y F T -T E NT I MND L A I I S L A K P F R I T E T -F GP V S L
P -----K N DV V DN -QT C S V A GW G-K --L HQ---------GS K G MDP77 QN-----L GNI L V HI GRS DI RQP -------F Y E DT L Y S E I F RI RDY S I L P GF DE A NDRNDMA I L Y T DQI MA E S RG-V GP I CL P N--A NRGRS E Y DY E P GT I V GF G---A I G----------F GME MDP78 E N--------I S V I F GA K T L R------------NY RGI RF NS L S I HK K S --Y DRY S MA GDI CI I K V F L NS CDY P P -L NP I RI I L ----DE I S A V K -DDCY I Y GY G----S E N--------V T GDP MDP79 E R--------I T V K S GT N F -----------H QH G-T E S K V K RI I E D P K Y F ---R P T RT Y D F A L L E L E NE L K L D E T -R K A I K L A E ----S N DH H V D GS MC L V T GW G-K --T K ---------NA S E S MDP5 SR------
--I SI YMGASS-----------NKQGGF EHHVKRI VQHKRYN---SRNI DF DF SL L EL EEAVSYT DS-VQAVAL PD----F GEL T ADGT NCL VSGW G-N--T Q---------NNSL S MDP4 ER--------VSI KSGANI -----------HREG-VET KAKRL VI HPKYN---KKT L DYDF AL L EL ENDL EF NVN-RT AI KL AE----ST DRYAEGSMCL VT GW G-H--T K---------NNSES MDP90
T D-------K L RGI E V P I Y P QE K CK K A Y ---------L K QGG---I T DRMI CA G-F QK GGK DA CQGDS GGP L A L W L GGK T --NDA E L I GV V S W G-F GCA RP K Y P GV Y GS V S S V RE W I S E V T G MDP3 RA -------I L RGA F V P I V NQE K CV E A Y ---------RRMNN---V T P RMI CA G-Y E K GGK DS CQGDS GGP MT --L F S K K --GP RK L I GI V S W G-Y GCA QS NY P GV Y S RV QA A RQW I QL V T G MDP9 S P -------V L QS V DV RI I NS A I CRF S Y ---------GQI DA M--L T NQMI CA G-NW W GGK DA CS GDS GGP L I C-----D--G--K L V GV V S W G-Y S CA E P F Y P GV Y A RV QS V RA W I E K I T G MDP10 P Y A Y S QF P K K L HS V K V P L I P HA MCQQA L ---------S I Y GL E --V T K QMMCA G---NGGK DA CQGDS GGP L V CT S --I D--GE K K L F GI V S W G-K DCG-E NV P GV Y A RV QS V RL W I NK NT G MDP12 S Y ---QDP K V L QGV RV P I V S NA K CK Q------------I F GRE --L T E QMI CA G-F E NGGK DS CQGDS GGP MV CK ---I G--GI QK L V GV V S W G-E S CGL P NRP GV Y A RI QS V RL W I NK RT G MDP13 S I -----A Y QL QY A A I S L I P RE RCQRV Y ---------GNY -----L K E S MF CA G-V K NGGK DA CQGDS GGP MS A -----Q--G--I QI GI I S W G-V Y CGHRNY P GV Y T NV T F F RE W I DGV L MDP23 -------PNVL HYT T VPI VSHEL CEQAY---------KKYSGRGKL NENMI CAGF L GVGGKDACSGDSGSPL ----------------------------R----I YS--------I Q MDP24 -------S A T L QE V V V P I L S NNE CRQ-T ----GY ---GA S R----I T DNML CA GF E D-GQK DS CQGDS GGP L HI V N--G---T I Y QI V GV V S W G-E GCA QA NY P GV Y T RV NRY RT W L K S NT K DA MDP25 -------S NT L RQV I V P I W T RE E CHA -S ----DY ---GA K R----L T DNMMCA GY QD-GGS DA CQGDS GGP MNF E G--K T --GS I E V I GL V S W G-RGCGRK K L P GI Y T RV S NF L P W I QK K L NG MDP26 -------S CI L QE V E V P I ME NGV CV E NT ----NY ---T QK M----I T E NMMCA GY P GI GK K DS CQGDS GGP L I A QR--DD--K L Y E L V GI V S W G-NGCA RV NY P GV Y T RV T RY L DW I RE NS K DG MDP27 -------P S V V QHV E V P I L S L NQCRN-M----K Y ---RS S R----I T P NMV CA GK ---GK QDS CQGDS GGP L L V Y D--N---GK F E I V GI V S W G-V GCGRA GY P GV Y T RV A RY MP W V RA NV E G MDP28 -------P S V L QK V MV P I W T NQQCRS ------K Y ---GGA A P G-GI V DHMI CA GQ---S A QDS CS GDS GGP L MV NS --G---GT F Y QV GV V S W G-I GCGQGRF P GV Y S RV T S F L P W I QK NL QA MDP29 -------P S V L QE V QV P I V S NDRCK MMF ----L R---A GRHE F -I P -DI F L CA GHDT -GGQDS CQGDS GGP L QV K G--K D--GHY F L A GI I S W G-P I CL E ------F A RE S Q-----NS HHG MDP30 -------P S E L HE V P V P I L NNT S CE GMY ----RN---A GY RE N-I P S HL F I CA GHI K -GGQDS CA GDS GGP L V I E R--E D--K RF L L A GI I S W G-I NCA E P NQP GV Y T RI S E F RGW I NQI L Q MDP33 -------P S V L QE V QV P I I E NS V CQE MF ----QE ---GT HNK K -I L -P S F L CA GY A N-GL K DS CE GDS GGP L V L QR--P D--GRW E L A GT V S HG-I K CA A P Y L P GV Y MRT T Y Y K P W L HS V T G MDP34 R------P K T L QA V DV P V I E NRV CE RW H----RS ---NGI NV V -I Y -P E ML CA GY RG-GGK DS CQGDS GGP L MHE ---K N--GRW Y L I GV V S A G-Y S CA S RGQP GI Y HRV P Y T V DW I S Y V S N MDP35 R------DP HL QE V DL DL I E T S Y CQK E F K -K L DP ---NGV RS D-L DDE S QV CA GS L S -DGK DT CHGDS GGP L QMY HP T L R--CMF S I I GV T S F GW P V CG-RMK P GV Y T RV F Y Y L DW I E S V V W P MDP48 R------S T V L L K T NV T A V S I S T CNE T L L E F NRL P DL P A L RNG-L N-MGQV CA Y DP K -A A S DA CQGDS GGP L QMF E -QS S --A I A T V V GV V S F G-A S CG-T E L P GV Y T RV A F Y I E W I E S I V W P MDP51 G------S DI L QK V T L E L F T DDE CNA T Y L S E S RT ---T QL RY G-I L P E QQF CA GS HT -E K K DT CQGDS GGP L QI NHP Y L A --CMY MI NGI T S F A -K QCGDL S S P GV Y T RV Y HF L DW I E S T V W P MDP57 Q------S DE L L K V S
L HF T T NE RCNT F Y ---E RF ---QA I K NG-I I -DS QI CA GDDN-E E K DT CNGDS GGP I QI A T S NS A --CS Y HL I GI T S F G-K GCG--S GY GV Y T RI S E Y I DW I E S I V W I
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